Parkinson's Disease (PD) is often associated with a subcorticofrontal syndrome (SCFS) that is mainly characterized by executive dysfunctions. The complete biochemistry of these dysfunctions remain misunderstood although many studies have suggested a role of the dopaminergic lesions. However, cholinergic lesions in this disease may also account for the SCFS occurrence. The present study has assessed the effects of an acute subclinical dose of scopolamine in normal controls and in PD patients who were devoid of cognitive deficit. Results indicates that PD patients but not normal controls developed a transient SCFS for the duration of the drug action. In contrast to other populations with cholinergic depletions -such as Alzheimer's disease -cholinergic blockage in PD exacerbates specifically the dysexecutive syndrome without inducing amnesia or sedation. Such a discrepancy between these two neuropsychological profiles are discussed in terms of the specificity of the underlying cholinergic lesions.
Induction of a transient dysexecutive syndrome in Parkinson's disease using a subclinical dose of scopolamine
Introduction
Parkinson's Disease (PD) is often associated with specific cognitive deficits that include executive dysfunctions such as inattention and a mental inertia, associated with shifting and sequencing dysfunctions and memory impairment in free-recall tasks [51, 53] . Such a constellation of symptoms is frequently referred to as subcortico-frontal syndrome (SCFS), in reference to the locus of lesions in this disease which are though to be principally subcortical, although lesions directly located in the cortex may also be contributive to the syndrome [4, 11, 17] . The expression SCFS remind also the nature of the cognitive deficits which are similar, but less severe, to those observed in patients with frontal lobe lesions. The SCFS can be severe and may reach the DSM-IV criteria for the diagnosis of dementia. It is then recognised as a subcortical dementia [11] . The SCFS must be distinguished from other associated conditions of PD that may affect cognitive functions such as dementia of the Alzheimer type, diffused Lewy Bodies disease or depression, that all shows a high prevalence in PD.
Current knowledge on the physiological basis of SCFS in PD remains unclear. The possibility that the characteristic loss in dopamine (DA) containing neurons of the substantia nigra plays a role has been extensively investigated [15] . These studies were mainly based on the assumption that PD-associated SCFS results from a reduced dopaminergic modulation of the striatum, that disrupts the flow of information within the circuits that link the striatum and the frontal cortex [3, 51] . The mesocortical dopaminergic degeneration observed in PD has also been suggested as a possible pathogenic factor of SCFS [29] . However, dopaminergic hypotheses cannot explain why treatment of PD with dopaminergic substances (levodopa or dopamine agonists) does not reverse SCFS in these patients [21, 40, 41, 52] . Actually, the more severe are deficits of parkinsonian patients in executive tasks, the lower is their response to dopaminergic treatments [52] . The slight improvement in performance reported with levodopa in some initial studies [5, 33] was observed on general intellectual scales and has been mostly attributed to a DA awakening effect (increased vigilance) or to a change in affective state [19, 26, 49] . Comparisons of neuropsychological performance between 'ON' and 'OFF' levodopa conditions were also generally not conclusive. Indeed, the very few changes observed by some authors were generally task-specific in that during 'ON' phases, improvement was observed in some tasks, concurrent with a worsening or lack of change in all others [21, 28, 37] . In the study of Lange et al. [31] a withdrawal of levodopa induced a reduction of performances in many tasks sensitive to the SCFS. However, in the latter study, tasks were highly specific and although the performances were improved to a statistical level of significance, they may not be noticeable clinically. Such a phenomenon has been observed in many studies showing that even though the overall SCFS does not respond well to DA treatment, some specific component of the syndrome may improve. For instance, DA treatment of PD were found associated to the improved performances in dual tasks such as working memory tasks [10, 12] or visuoauditory concurrent perceptual tasks [34] . It has been suggested that DA depletion in PD may induce a difficulty in sharing attention between two or more concurrent tasks [34, 35] . Such a hypothesis is in agreement with results obtained from animals with frontal lobe lesions [20] or selective DA depletion [47] . It is not clear however which of the mesocortical or nigrostriatal systems is implicated, although some evidences suggest a critical implication of the latter [16] . In spite of such interesting findings on the relationship between DA and some specific cognitive functioning of the SCFS, it is clear that dopamine dysfunction alone may not account for the overall SCFS of PD.
Among the non-dopaminergic lesions in PD, noradrenergic and serotonergic pathways to the prefrontal cortex have been suggested as possible contributing factors to SCFS, but little evidence supports such a view [7, 15] . Cholinergic systems have also been studied in PD. As in Alzheimer's disease, inominatocortical and septo-hippocampal cholinergic fibres were found to be reduced by 60 to 80% in parkinsonians with dementia or even in those without dementia [17, 46] . Other cholinergic systems arising from the tegmental pedunculopontine and laterodorsal nuclei (PPN & LDN) have also been found to be lesioned in PD [25, 30, 58] but not in Alzheimer's disease. These nuclei are known to have projections namely to the mediodorsal thalamus and to the prefrontal cortex [55] and could therefore play a significant role in the SCFS of PD. The latter hypothesis is supported by the observation that PPN & LDN cholinergic systems were also found to be lesioned in progressive supranuclear palsy, another neurodegenerative disorder characterized by a severe SCFS [25, 30] .
In parkinsonian patients without dementia, the consequences of cholinergic lesions are currently unknown. However, evidences suggest that these lesions could be determinant in the occurrence of SCFS. In opposition to Alzheimer type dementia -in which anticholinergics induce a general worsening of cognitive function with severe memory deficits [45, 50] -in PD, these substances specifically affect executive functions associated with SCFS [6, 13, 54] . This suggests that there may exist two different cholinergic mechanisms underlying these two distinct neuropsychological profiles (Alzheimer type and SCFS).
The evolution of the cholinergic lesions in PD may follow those of the nigrostriatal dopaminergic system. Actually, motor symptoms in PD may be present only when dopamine cell death in the substantia nigra reaches a level of 70 to 80% [27] . This may imply that a long preclinical stage of 7 to 20 years may be present [2] . During these years, some mechanisms of compensation seem to take place in order to withstand the dopamine depletion. Such compensatory mechanisms are not exclusive to the nigro-striatal system and may also occur in cholinergic systems [1, 4] . A temporary suppression of these cholinergic compensatory mechanisms could be an explanation of the results obtained by Bédard et al. [6] and by Dubois et al. [13] , showing that anticholinergic substances given at a subclinical dose -defined as a small dose which remains without detectable cognitive effect in normal subjects -could induce in PD some evidences of a transient SCFS. However, until now, evidence of SCFS was solely based on explicit memory tests. The present study was designed to more accurately describe the phenomenon of cholinergic decompensation that may underly SCFS in PD, by looking at the effect of a subclinical dose of scopolamine on different tasks of executive functions.
Methods

Subjects
Ten normal controls and 10 patients with a diagnosis of PD were include in the study. Groups were paired for age, sex and education. Control subjects were enrolled from the general population by announcement. Patients were enrolled at the Movement Disorders Clinic of Montreal. Patients were selected on the basis of a screening examination that included neurological, neuropsychological and psychiatric aspects. Criteria for the diagnosis of PD included namely the presence of an akinetic-rigid syndrome that respond well to levodopa. All subjects were required to be free of cognitive deficits on the Mini Mental States (MMS) examination [18] and the Dementia Rating Scale [36] . Performances were also required to be normal on the Boston Naming Test, the Benton Visual Matching Test, the Rey-Osterreith Complex Figure Copy , the Wisconsin Card Sorting Test, the Graphic Sequences of Luria and the Categories and Letters Verbal Fluencies (See [32] for a description of these tests). Subjects with a history of stroke, head injury or neurosurgical operation (including thalamotomy and pallidotomy) were excluded, as were patients with clinical evidence of any psychiatric condition. Depression was ruled out by the administration of the Geriatric Depression Rating Scale. Socio-demographic and clinical data were recorded for each patient and are presented in Table 1 . All selected patients were on stable dopaminergic medication (l-dopa: n = 10; Bromocriptine: n = 4; Pergolide: n = 3) and had never been treated with anticholinergic substances prior to the experiment.
Procedure
A double-blind, crossover method was used for both patients and normal controls, using acute administration of scopolamine and placebo. A fixed dose of 0.25 mg s.c. of scopolamine was selected as an appropriate sub-clinical dose that does not produce central effects in normal controls [6, 13, 50] . Saline solution was used as placebo. The two substances were sequentially administered in a random order in two consecutive days. After complete description of the study to the subjects, written informed consent was obtained.
A Visual Analogue Scale (VAS) of subjective vigilance was administered immediately prior to and 30 minutes after the injection. In this scale, subjects had to evaluate their level of vigilance by making a dash with a pencil along a 100 mm line indicating 'drowsiness' at one end (0 mm) and 'good alertness' at the other (100 mm). The score was the distance in mm from the zero extremity to the dash. Variations of vigilance induced by scopolamine and by placebo were expressed by the ratio of the post-injection score over the pre-injection score (expressed in percentage).
Neuropsychological testing began just after the second VAS evaluation and included:
-The Grober & Buschke Verbal Memory Task [23, 24] , in which subjects were required to learn a list of 16 words each associated with a specific semantic category (e.g., animal, furniture,. . . ). Subjects were first asked to make a free recall of these words. A cued recall was then carried out, where the examiner gave semantic categories corresponding to words that were not recalled. This procedure was repeated three successive times and followed, 20 minutes later, by a delayed recall that includes a free recall, a cued recall and a recognition task. -A Word Repetition Priming Task, was administered as an evaluation of implicit memory. This test was not presented as a memory test to the subjects. Sixteen words were presented with the instruction of making an affective judgment on each of them. Five minutes later, subjects were asked to complete a list of 48 syllables with the first word that comes to mind. Sixteen of these syllables came from the list of words presented previously. After this implicit recall, subjects were first asked to explicitly recall the 16 words of the list, and then asked to recognize target words among distractors. -The Self Ordered Pointing Task (SOPT) [39] , consists of a stack of sheets on which a set of 6, 8, 10 or 12 abstract designs were displayed. For each stack of sheets, the abstract designs remained the sames but their relative position varied at random from sheet to sheet. The subject's task was to go through the stack, touching only one design on each sheet while taking care not to touch the same design twice. The subject himself initiated the program and determined the order of responding. Each set of designs (6, 8, 10, 12) were administered three consecutive times. The score was the total number of errors (defined as pointing a design that had already been pointed in a given set). The test is considered to be a good measure of resistance to proactive interference and of visual working-memory. -The Shifting Reaction Time Task [7] was an adaptation of Posner's paradigm of covert orienting of attention [44] . In this choice reaction time task, subjects were asked to fix their gaze on a central point shown on a computer screen and instructed to press a response button as quickly as possible with the right or left index finger depending on the side of target presentation on screen. The target (a red square) appeared in a random sequence, in a 50% ratio to each side of the central fixation point. Prior to the target (350 ms), a cue was presented for 200 ms at the central fixation point. This succession of cue, target and response was considered as a trial, and an experimental session included 300 trials. For one third of the trials, the visual cue consisted of a cross (1 cm 2 ) indicating that the target was equally likely to occur to the left or to the right. This was the neutral cue. On the other two thirds of trials, the cue consisted of an arrow (0.5 cm × 2 cm) pointing to the left or to the right, indicating the most probable side to which the target would be delivered. Valid cues (80% of the arrows) consisted of correct indications of target, while invalid cues (20% of the arrows) were indications which incorrectly predicted the side of the target. Mean reaction times (RTs) were collected separately for the neutral, valid and invalid cue trials.
In PD, as in normal subjects, targets correctly cued (Valid) are usually detected faster than uncued (Neutral) or incorrectly cued (Invalid) targets. However, during invalid cue trials, PD patients, but not control subjects, make frequent errors (response to the cued side rather than to the stimulated side) [7] . In addition, RT of these errors during invalid cue trials are usually as short as during valid cue trials, suggesting that the mental operations associated to the shifting from the cued to the stimulated side do not occur. For these reasons, errors made during invalid cue trials were considered to be shifting errors.
Statistical analysis
The effects of scopolamine and placebo on the vigilance VAS, the Word Repetition Priming Task and the SOPT were compared between normal controls and parkinsonian patients using multiple analysis of variance (ANOVA) for repeated measures including one between-groups factor (Group) and one within-group factor (Treatment). Significant differences were further contrasted using Student t-tests with Bonferroni adjusted significance level for multiple comparisons. ANOVAs were performed separately for the Grober 
Results
In normal controls as in parkinsonian patients, subjective level of vigilance (VAS) did not differ between placebo and scopolamine treatment, since there were no group effect [f (1, 18) = 0.02, N.S.], no treatment effect [f (1, 18) = 0.12, N.S.], and no group by treatment interaction [f (1, 18) = 0.79, N.S.]. Most subjects evaluated their level of vigilance similarly during pre-and post-injection periods. In normal controls, the mean post-injection score during placebo was of 92.8% (±5.9) the pre-injection score, while during scopolamine it was of 90.1% (±7.9). In parkinsonian patients, these scores were of 90.9% (±6.7) during placebo and of 92.1% (±8.4) during scopolamine. ANOVA performed on the delayed recall of the Grober & Buschke Memory Test (Fig. 2) In the Shifting Reaction Time task (Fig. 5) , ANOVA on RT values (excluding RT during errors) revealed a ). This suggests that the performance was not affected by treatment and that both groups had the same RT profile during valid, neutral and invalid cue trials, even though parkinsonian patients were significantly slower than normal controls (mean differences of 110 ms) in each condition (See Fig. 5 ). ANOVA performed specifically on the number of shifting errors revealed a significant group effect [f (1, 18) = 5.2, p < 0.05], a significant treatment effect [f (1, 18) = 8.0, p < 0.05] and a significant group by treatment interaction [f (1, 18) = 12.3, p < 0.01]. Errors made during placebo appear greater in parkinsonians (4%) than in controls (1%), but this slight non significant tendency [t(18) = 2.1, N.S.] was artificially created by a patient who makes multiple impulsive errors during invalid as well as during neutral cue trials. However, during the scopolamine treatment, the number of shifting errors in parkinsonian patients was significantly greater (67%) than in normal controls (6%) [t(18) = 11.2, p < 0.01].
Discussion
As previously suspected [6, 13] , this experiment showed that the administration of scopolamine at a subclinical dose may induce a transient SCFS in parkinsonian patients. The nature of the deficits in the Grober & Buschke and Words Repetition Priming memory tasks suggests that there was no genuine amnesia. In PD, but not in controls, free recall was affected by scopolamine. However, when semantic cues were given to parkinsonian patients, their performances improved and the total recall of words became similar to the one of the controls. Recognition and completion indicate preserved capacities of retention. In other words, there was no loss of information during scopolamine treatment, but rather a recall difficulty similar to the one observed in SCFS [42, 43] , and attributable to deficiencies in recollection strategies. Other results of the present study consistent with a transient SCFS during scopolamine treatment, were the number of errors in both the SOPT and the Shifting RT Task, that suggests an excessive sensitivity to interference and a shifting deficit, respectively.
The simultaneous induction of shifting deficits, proactive interference and characteristic deficiencies in strategies of recollection -three cardinal features of SCFS -may indicate a direct action of anticholinergics on the central physiological and cognitive substratum of the syndrome. From a physiological point of view, such an effect obtained with a subclinical dose of scopolamine suggests a cancelling action of the drug on cholinergic compensatory mechanisms [1, 4] that seems to take place in PD. In other words, compensatory mechanisms of cholinergic depletion in PD may no longer be robust enough to withstand agents aimed at blocking muscarinic receptor sites, even at a subclinical dose.
From a cognitive point of view, our results also suggest an action on the basic processes underlying SCFS. The Supervisory Attentional System (SAS) -a conceptual framework taken from cognitive psychology [38, 48] -has been proposed as a possible basic process of which a malfunctioning might induce SCFS in PD [8, 9, 12] . SAS is viewed as a limited capacity attentional system responsible for controlling nonroutine mental activity, and therefore called upon only under certain situations. For instance, recognition is a passive memory situation in which SAS does not intervene to mentally scan memories, establish a strategic search, inhibit interferences and select the appropriate mnestic material, while such mental works are necessary during free recall and thus require the SAS.
A general SAS impairment such as the one suspected in PD may result from both a depletion of attentional resources, and a difficulty in strategic allocation of these attentional resources over the multiple cognitive components implicated in information processing [8, 9] . However, the problem with the concept of 'attentional resources' remains its quantification. Allocation of resources is usually assessed by performances in tasks requiring the processing of concurrent information [9, 12, 34] . However, the quantity of attentional resource always remains difficult to estimate. Since the concept refers to energy that may activate different cognitive processes, one may suggest that the level of arousal could be an indirect quantitative estimation of resources. It is therefore possible that the scopolamine induced SCFS in PD is mainly an arousal-dampening effect, given that this substances can facilitate sedation. This would be in accordance with other studies suggesting that parkinsonian patients have difficulties with tasks requiring alertness and effort [56] . This would also follow the idea that anticholinergics deplete the cognitive processing resources, such as the amount of mental effort which can be applied to neuropsychological tasks [57] . Since executive tasks are usually more effortful than the others, they would most suffer from a reduction in mental resources.
In this respect, the present study has shown that subjective vigilance did not differ between placebo and scopolamine treatment both in normal controls and in parkinsonian patients. Moreover, RT values in the Shifting RT task were not different between placebo and scopolamine treatment, suggesting no variation of arousal. Therefore, if attentional resources are a matter for the level of arousal, it is unlikely that scopolamine induced SCFS in PD result from a reduction of attentional resources. Consequently, deficient allocation of attentional resources could potentially be the basic cognitive cholinergic-dependent mechanism underlying SCFS in PD.
